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telecommunications cable 



(57) Insulated electrical conductor for 
telecommunications cable in which 
two layers of insulation are provided. 
The Inner 1 6 of the two layers is a 
solid non-cellular construction and the 
outer layer 1 7 is cellular. The nominal 
mutual capacitance between the 
conductor and an identical conductor 



is at a desired value with a dielectric 
breakdown value between conductors 
above a desired minimum value while 
having an outside diameter across the 
insulation which is less than for a 
conductor of the same gauge which 
provides the same mutual capacitance 
and has a solid insulation of the same 
material as the inner layer e.g. 
polyethylene or polypropylene. The 
cellular material may be a closed or 
open foam. 
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SPECIFICATION 

Electrical conductor for telecommunications cable 

This invention relates to an insulated electrical conductor for telecommunications cable. 
Telecommunications cables conventionally comprise a plurality of individually insulated 
5 conductors, usually twisted together in pairs, the conductors fomiing a core encased in a cable sheath. 5 
In "air core" polyolefin insulated cables, i.e. those not filled, the usual practice In some countries is to 
use an insulation consisting of solid non-cellular polymeric material. 

Interstices exist between the insulated conductors. If perforations are present or are othenA^ise 
formed in the sheath e.g. due to lightning or mechanical damage, it is possible In certain applications 
1 0 for moisture entering into the cable to reach these interstices and to fill them for long distances along 1 0 
the cable by migration. The presence of this moisture degrades the electrical performance of the cable 
and may even cause short circuits between conductors when pinholes or other defects are present in the 
individual insulation of the conductors, the moisture acts as an electrolyte to lead to corrosion of 
exposed metal surfaces directly or by facilitating galvanic action. 
15 In view of all these problems, for instance for buried cable, the interstices between conductors in 1 5 

cable cores have been filled with a water repellent and water impermeable medium such as grease or 

petrolatum jelly. . . ^ . * • 

Known filling materials all have a permittivity greater than 1 which is the permittivity ot air. 
Hence, displacement of the air frpm between the insulated conductors by these filling matenals affects 

20 the electrical characteristics and thus telecommunication characteristics compared to air-core cable. 20 
For instance, where grease is used as filling material, these changes are in some respects deletenous in 
that the filling materials Increase the capacitance between adjacent coriductors, but it is also found 
that the grease advantageously increases the dielectric strength of the insulation. 

Originally, the problem of increase in capacitance with grease filled cable was overcome by an 

25 increase in the thickness of the individual solid insolution on the conductors, but this resulted in an 25 
increase in the amount of insulation material required over that for air-core cable and hence an 
increase in cable diameter which, is undesirable for cost and installation reasons. 

The above further problem of increase in the amount of insulation material and cable diameter 
has been overcome by an invention described In Canadian Patent No. 952,991 . In this patent, there is 

30 described a communication cable having a filled core of a plurality of insulated conductors, the 

insulation on each conductor comprising an inner layer of cellular polymeric material and a relatively 
thin outer layer of solid polymeric material. The cellular polymeric material has the advantage that it 
has a lower permittivity than solid non-cellular materials and is adjacent to the conductor to retain the 
capacitance down to commercially acceptable levels. This also results in a saving in materials in 

35 replacing solid material with cellular material and the overall diameter of each Insulated conductor is 3a 
reduced, thereby advantageously reducing the outside cable diameter for filled cable. In an example 
given in the copending applications, the inner layer of cellular Insulation, on 22AWG aluminum 
conductor, has a thickness of 9 mils with 40% of its volume being air, and the outer so^^JaY®*;,^®^. ^ 
thickness of 2.5 mils, the overall diameter of the insulated conductor being approximately 48 mils. The 

40 dielectric strength between conductors is held at acceptable levels mainly by the combined dielectnc 
properties of the outer solid layer and the surrounding filling material in the core. 

Unfortunately, in this described construction, the dielectric strength between conductors vvould 
be lower and possibly may not be acceptable if this cable was air-core cable. In addition, ;t should be 
realised that these results would be obtained with an outside diameter of 48 mils for 22 AWG which is 

45 greater than a conventionally insulated conductor of less than 45 mils and which provides 

commercially acceptable levels of nominal capacitance and dielectric strength. However, it is extremely 
important that cable diameters should be as small as possible as the spaces for accepting cable are 
very restricted. Of course, cable diameter is governed by outside diameter of insulated conductor. 
The present invention is concerned with the provision of an electrically insulated conductor for 

50 telecommunications cable which is useful for air-core and filled cable particularly when filled with 50 
particulate material and when included in air-core cable exhibits dielectric strength and capacitance 
properties which are within commercially acceptable levels while having a smaller outside diameter 
than comparable insulated conductors for air-core cable and which have a conventional solid 
insulation. 

55 Accondingly, the present invention provides an insulated electrical conductor for 55 

telecommunications cable comprising a telecommunications conductor and an insulation comprising 
an inner layer and an outer layer of electrically insulating material, the inner layer of solid non-cellular 
construction and the outer layer of cellular polymeric material, and wherein the nominal mutual 
capacitance between the conductor and an identically insulated conductor in a pair is at a desired value 

60 and a dielectric breakdown value above an acceptable minimum is obtained between the conductor 60 
and an identically insulated conductor while having an outside diameter across the insulation which is 
less than an insulated electrical conductor of the same gauge which provides the same mutual 
capacitance and which is insulated with solid non-cellular material only, that matenal being the same 



40 



45 
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material as said inner layer. The inner layer may be pigmented but there should normally.be no reason 
for this. In any case, avoidance of pigmentation provides the better dielectric strength. 

The desired mutual capacitance is dependent upon requirements laid down by any particular . 
authority. For instance, in some cases, a nominal mutual capacitance value of 83 nanofarads/mile is 
5 the requirement. This of course may vary between acceptable manufacturing limits, say between 79 5 
and 87 nanofarads/mile. 

From the above defined invention, it is clear that with the materials arranged in the layers as 
specified, the desired values of nominal mutual capacitance and of dielectric strength are achievable 
with an outside diameter across the insulation which is less than with a conductor having a single layer 
to of insulation. 10 

It is found that desirable values are achievable with suitable combinations of two parameters. I.e. 
the thickness of the inner layer and the percentage blow of the foam. For instance, where the thickness 
of the inner layer is 54 creased, this has an undesirable effect on the capacitance and, to counteract 
this, a higher percentage of air space needs to be provided in the outer cellular layer. The situation is, 
1 5 however, that the inner layer is located at the position of greatest field intensity and is sufficient to 15 
provide the required dielectric properties in an air-core cable while still being sufficiently thin to enable 
the cellular outer layer to be disposed as close to the conductor as possible and provide the required 
capacitance value. 

The invention also includes a telecommunications cable having an air-core or a core filled with 
20 particulate material In which a plurality of insulated electrical conductors are provided, each of which 20 
comprises a conductor having insulation comprising an inner layer of solid non-cellular material and an 
outer layer of cellular polymeric material and wherein the nominal mutual capacitance between 
conductors is at a desired value and a dielectric breakdown value above an acceptable minimum is 
obtained between conductors with each conductor having an outside diameter across the insulation 
25 which is less than an electrical Insulated conductor of the same conductor gauge which provides the 25 
same mutual capacitance and breakdown values and which is insulated with solid material only, the 
material being the same material of said Inner layer. 

In preferred constructions, the air space volume in the total volume of the cellular layer in the 
construction according to the Invention is at least 20% whereby significant savings in materials may be 
30 obtained over materials required for conventionally insulated conductors in air-core cable. 30 
One embodiment of the invention will now be described, by way of example, with reference to 
the accompanying drawings in which: — 

Figure 1 is a cross-sectional view through a telecommunications cable; and 
Figure 2 is a cross-sectional view of an Insulated conductor incorporated in the cable. 
35 In the embodiment now to be described, specific dimensions of conductor and insulation layers 35 

will not be referred to. Dimensions will be discussed at the end of the description for different gauges of 
conductor to enable comparisons to be made between the dielectric strength and capacity values of 
constructions of the embodiment and other insulated conductors not whhin the scope of this invention. 
In the embodiment, a telecommunications cable 10 comprises a core having a plurality of pairs of 
40 insulated conductors 1 1 . The core is wrapped in a composite wrap comprising an inner layer 1 2 of 40 
plastic tape, e.g. 3 mils thick, such as "Mylar" tape. The inner layer may comprise other materials such 
as paper or polyethylene or combinations of these materials. Around this is another layer 13 of 
aluminum tape, e.g. 8 mils thick which has been coated on both sides with polyethylene, followed by a 
medium density block polyethylene outer layer 1 4 of about 80 mils thickness. 
45 "Mylar" is a Registered Trade Mark. 45 

The core, commonly referred to as an air-core, has each insulated conductor 1 1 of each pair 
constructed in the manner shown in Figure 2. Each insulated conductor comprises a conductor 1 5 
covered by an inner layer 1 6 of solid non-cellular insulating material which In line with this invention 
has a maximum thickness of 4 mils. This may be made from any suitable electrically insulating plastics 
50 material such as polypropylene or medium density polyethylene. An outer layer 1 7 enclosing the inner 50 
layer is cellular polypropylene which is preferably closed cell but may be of open cell structure. 
Alternatively, the inner layer and outer layer are both formed from high density polyethylene with the 
outer layer, of course, being cellular. 

The insulated conductor is manufactured by passing conductor through a two stage extruder (not 
55 shown), the first stage providing the inner non-cellular insulating layer 1 3 and the second stage 55 
extruding the cellular layer. The cellular layer is formed by normal foam extrusion techniques. 

It is found that while the cells expand directly after extrusion, expansion of the outer layer is 
outwardly from the inner layer and has no effect upon the inner layer which has just been extruded. 
Thus the inner layer is not stressed by its contact with the expanding outer layer and there is no 
60 likelihood of pinholes being formed in the inner layer because of stress build-up. 60 
The thickness of each of the layers 1 3, 1 4 is predetermined primarily to give a desired nominal 
mutual capacitance value of 83 nanofarads/mile in the completed cable. Also to give the required 
dielectric properties, the inner layer is located at the position of greatest field intensity and its thickness 
is calculated to give satisfactory dielectric strength and thus to enable the outer cellular layer to lie as 
65 close as possible to the conductor so as not to detract from the required mutual capacitance. oC 
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Further the materiai of the outer layer may be pigmented without detracting from the mutual 
capacitance properties unduly. Whilei it is known that pigmentation may deleteriously affect the 
dielectric strength properties of an insulating layer, the inner layer is not pigmented and thus its 
dielectric strength is not so affected. 

In the following, measurements were taken of the dielectric strengths of insulated conductor 
according to the above described embodiment for 22 AWG conductor. These appear in "Category A 

of the following Table I. . x • i ♦ ^ 

For comparison, the test also includes measurements of dlelectnc strengths of insulated 
conductors made for grease filled cable in which the insulation has an inner cellular layer of 
polypropylene and an outer non-cellular layer of medium density polyethylene and as described in the 

above Canadian Patent No. 952,99 1 . * ^. . * . ^«.„„th« 

In addition, and also for comparison, the test also includes measurements of dielectric strengths 
of insulated conductors in which the insulation is conventional and is non-cellular low density 
polyethylene throughout. These measurements appear as "Category C". 

The test was conducted while submerging the Insulated conductors concerned under water. This 
was done to simulate the worst possible conditions which insulated conductors in an air-core cable 
could experience, i.e. conditions in which the core is completely wateriogged. It should be stressed that 
these conditions should not normally be expected for air-core cable but are ones which could lead to 

premature dielectric breakdown. ^. . ^ ^ 

A 1 000 foot length of insulated conductor In Category 'A' and insulated on one production run 
(" 1 ' in Table I) was tested in 30 foot sample lengths. Each sample length was immersed in water and a 
DC potential passed through it. The voltage was increased at a substantially uniform rate until dielectric 
breakdown occurred. The maximum and minimum dielectric breakdown values {Kv), recorded forall of 
the 30 foot sample lengths, are recorded in Table I together with the average breakdown figure. The 
above test procedure was then repeated for another 1 000 foot length of conductor in Category A 
which had been insulated on a different production run rz " in Table I) and the results similariy 
recorded 

The test procedure was then performed for 30 foot sample lengths of two twisted together 
insulated conductors, in water in which conductor "1 " was twisted with conductor "2 . Results are 
given under column 3. ^ • * j 

The whole of the above procedure was then repeated for two 1 000 foot lengths of 'nsulated 
conductor made under Category 'B' and dielectric breakdown values given under columns 4. 5 and e. 

Under Category C, tests were made and the breakdown values given under columns 7 and 8. 
No test was performed under Category C for the insulated conductors twisted together. 
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35 



Category 
A 



Category 
B 



Category 
C 







1 


2 


3 


4 


5 


6 


7 


8 


D.C. Voltage 
Dielectric 
Breakdown 
(Kv) 


Average 

Minimum 

Maximum 


15.2 
11.5 
17,0 


15.1 
11.0 
16.5 


29.4 
22.0 
32.5 


10.5 
8.5 
13.0 


15.3 
4.0 
22.0 


17.5 
8.0 
19.0 


36 
12 
46 


48 
27 
60 


Outside 

Diameter of 

Insulation 

(mils) 




43.3 


42.7 




48.0 


48.0 




45.5 


44.8 


Thickness of 
Cellular 
Layer (mils) 




6.7 


6.4 




8.7 


8.3 








Thickness of 
Non-cellular 
Layer (mils) 




2.3 


2.3 




2.6 


3.0 




10.1 


9.7 


%Blow 




26 


27 




35 


35 









45 



50 



8NSDOCID: <GBl_ 2096819A_I,> 



4 



GB 2 096 819 A 4 



It should be made clear at this stage. that the insulated conductors in. Category 'B' w 
-for grease filled cable. The desired mutual capacitance of 83 nanofarads/mile would not be achieved 
between conductors of this construction for airrcore cable.. However, in contrast, conductors In both of 
Categories 'A' and 'C have a nominal mutual capacitance of 83 nanofarad^/mile for air-core cable. 
5 As may be seen from the above Table i, the dielectric breakdown values for conventionally 5 

insulated conductor {Category 'C') were consistently very high with very high average breakdown 
values of 36Kv and 48Kv. While the breakdown values for insulated conductors according to the 
embodiment described above were much lower than those of Category C, these values for the 
embodiment are extremely satisfactory (Category A) and are significantly above one requirement for 
1 o commercially acceptable air-core cable. This requirement is for a length of insulated conductor to 10 
withstand a voltage of 8Kv DC between conductors for a period of 1 to 3 seconds without dielectric 
breakdown. Column 3 shows these breakdown values between conductors for Category 'A'. The 
minimum is 22Kv DC which is well above the requirement of 8Kv DC by at least some authorities. 
Column 3 resuits are interesting in that they indicate values approximately twice those obtained for the 
1 5 single wires in columns 1 and 2. This doubling in values between conductors illustrate not only that 1 5 
current needed to pass through two layers of insulation on both conductors (as distinct from two layers 
on one conductor In columns 1 and 2), but also that the inner insulation layers of solid material were 
adding their dielectric strength characteristics without these being degraded by flaws in the layers. This 
illustrates that there were no physical stresses causing flaws in the inner layers and no impurities, e.g. 
20 colour pigments in the layers, both of which would tend to deleteriously affect the results obtained. As 20 
a means of comparison with Category 'B', it may be seen that the dielectric breakdown values in 
column 6 are certainly not of the order of double those obtained for single conductors in columns 3 and 
4. In fact, they are not significantly different from columns 3 and 4. It is believed, that the lack of the 
doubling value effect in column 6 can be blamed upon physical stresses imposed by the inner cellular 
25 layers, during extrusion upon the outer solid layers of Category 'B' construction, whereby flaws and 25 
pinholes are formed, and upon the use of colour pigmentation in these outer layers. 

Hence, the dielectric strength between conductors for the Category 'A' construction is 
significantly higher than for the Category 'B' construction. It should be remembered that Category 'B' 
insulated conductor was made for grease filled cable and would have a dielectric strength suitable for 
30 this purpose. However, if insulated conductor under Category 'B' were designed for air-core cable while 30 
providing the desired nominal 83 nanofarads/mile mutual capacitance and having a diameter less than 
that of Category 'C\ then this would lead to a dielectric strength below that established by the 
conductors in Category 'A'. 

The results obtained for the construction of the invention were, as already stressed, well above 
35 the acceptable levels specified, and because of the use of an outer layer of cellular material with a blow 35 
of 35% or less (i.e. 35% of air space in the total volume of the outer layer), there was a significant 
saving in material compared to the construction of Category 'C, with attendant cost saving. In addition, 
these commercially acceptable results were obtained with outside diameters of insulation in the 
Category 'A' construction which were at least 1 .5 mils less than the outside diameters of the Category 
40 'C construction. Hence, it follows that a resultant air-core cable made with insulated conductors 4d 
according to the Invention will have an outside diameter less than one made using conductors of 
conventional Category 'C while being more economic and providing well above the commercially 
acceptable levels of dielectric breakdown between conductors. 

The recorded values in Table 1 indicate that constructions according to the invention are a 
45 desirable replacement for constructions using a single layer of solid material. Cleariy, in most practical 45 
constructions, the inner layer should have a maximum thickness of 4 mils to enable the cellular layer to 
lie as close as possible to the conductor to obtain the required capacitance level. 

In constructions according to the invention, the amount of air space In the total volume of the 
outer layer is a parameter in deciding the capacitance whereas the amount of polymeric material is a 
50 parameter for the dielectric strength. While the air space may be as much as 50% or more of this 50 
volume, to obtain a desirable balance between desired capacitance and desired dielectric strength 
while enabling a reduction in outside diameter of the insulation below that for insulated conductor in 
Category 'C\ the air space may need to be at a maximum of 40% and a minimum of 1 0% for the use of 
an inner non-cellular layer of maximum thickness of 4 mils. 
55 In addition, conductors according to this invention and as described in the embodiment, may be 55 

used for cores filled with particulate material, as acceptable dielectric strengths are obtainable. 

The invention is applicable to all conductor gauges which are useful for telecommunications 
cable and, for all these gauges, that is 1 9, 22, 24, 26, and 28 at least, acceptable dielectric strengths 
are obtainable with maximum thicknesses of 4 mils for the non-cellular inner layer. The following Table M 
60 compares the constructions of Categories A, B and C in conductor gauges 1 9, 22 and 24. Table II shows 50 
the savings obtained in insulation material in both Categories 'A' and 'B' over Category 'C. While the 
savings in this table for Categories 'A' and 'B' are comparable, it should be remembered from the above 
discussion that the Insulated conductors of the Invention (Category 'A') provide dielectric strengths for 
air-core cable which are more acceptable than conductors according to Category 'B'. 
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Table 11 



5 


swc 


Construct/on 


Thickness 
non-CGUUi3r 
layer (mils) 


Outside 
diameter of 
insuta lion 
(mils) 


\A/t/ff 

Wl/Tl 

(MG) 


Air 
soace 

% 


Wt saying 
over 
Category 'C 


% Diameter 
reduction 


5 




19 


Category A 


3 
4 
3 


56.7 
57.3 
55.4 


220 
234 
186 


25 
25 
35 


38 
47 


6.9 
9.0 




10 




Category B 


3 
3 


57.0 
56.0 


263 
242 


20.2 
26.6 


31 


8.0 


10 






Category C 




60.9 


337 












22 


Category A 


3 
4 
3 


41.3 
41.8 
41.8 


125 
134 
134 


25 
25 
20 


33 
29 


6.1 
5.0 




15 




Category B 


3 
3 


42.0 
40.5 


151 
125 


14.5 
28.2 


20 
33 


4.5 

o.u 


15 






Category C 




44.0 


188 










20 


24 


Category A 


3 
4 
3 


33.2 
33.7 
33.5 


84 
92 
89 


25 
25 
20 


30 
23 
26 


5.1 
3.7 
4.3 


20 






Category B 


3 


33.2 


89 


19.5 


26 


5.1 








Category C 




35.0 


120 











25 



30 



Claims . , . . „ 

1 An Insulated electrical conductor for telecommunications cable comprising a 

25 telecommunications conductor and an insulation comprising an inner layer and an outer layer of 

electrically insulating material, the inner layer of solid non-cellular construction and the outer layer erf 
cellular polymeric material, and wherein the nominal mutual capacitance between the conductor and 
an identically insulated conductor in a pair is at a desired value and a dielectric breakdown value above 
an acceptable minimum is obtained between the conductor and an identically insulated conductor 

30 while having an outside diameter across the insulation which is less than an '"^"'^^tf d elect"cal 

conductor of the same gauge which provides the same mutual capacitance and which is insulated with 
solid non-cellular material only, the material being the same material as said inner layer. 

2 A conductor according to claim 1 wherein the Inner layer has a maximum thickness of 4 mils. 
3. A conductor according to claim 1 wherein the outer layer has closed cells. 

35 4. A conductor according to claim 1 wherein the cells provide an air space which is at least 1 0% 35 

of the total volume of the outer layer. . . ^ ^ . .u • 3» iawm- 

5. An electrically insulated conductor according to claim 4 wherein the air space in the outer layer 

is ''^^^J^J" J °^^'jJJJJ^^,ons cable having an air-core or a core filled with particulate material in 
40 which a plurality of insulated electrical conductors are provided, each of which compnses a condiictor 
^ having insulation comprising an Inner layer of solid non-cellular material and an of ^^'f Jf/f "'^-^ 
polymeric material and wherein the nominal mutual capacitance between conductors is at a desired 
value and a dielectric breakdown value of above an acceptable minimum is obtained between 
conductors with each conductor having an outside diameter across the insulation which is less than an 
45 electrical insulated conductor of the same conductor gauge which provides the same mutual 45 
capacitance and which Is Insulated with solid material only, the material being the same material of 
said inner layer. 

Printed for Her Maiesty's Statione-y Office by th« Courier Press. Leamington Spa, 1 982. PubUshed by the Patent Office. 
Printed for Her WC2A 1 AY. from which copies may be obtained. 
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3,013,109 
ELECTRIC CABLE 
Leo !. Corman, DaHas, Tex., and Joseph W- Faulkner, 
Sv>c£ji;2r, Iai3., assig&ors to Anaconda Wire and Cable 
Ctinipany 

l-'ilc'd Klsr. 16, 1952, Ser. No. 96,633 
5 Claims. (Ci. 174—113) 

Our invention relates to electric cables and particu- 
larly lo protective-sheathed power cables having a novel 
type of sheathins material. 

ihis applicaiion is a continuation-in-part of our co- 
pending applicaiion. Serial #28,978, filed May 13, 1960, 
now abandoned. 

In the manufacture of certain commonly used types of 
electric cable, for example, non-metallic sheathed cable 
for building wiring, it has long been commercial practice 
to appiy two different types of material covering, one for 
insulation and other for protective sheathing. The insu- 
lation is applied directly over the cable conductors with 
the possible interposition of a thin separator or semicon- 
ducting tape, and has as its function the electrical isola- 
tion of the conductor- The function of electrical isola- 
tion has determined that the properties of materials suit- 
able for insulation be, among others, high insulation resist- 
ance, and, for high voltage and communication cables, 
iov/ specific inductive capacitance. 

The protective sheath, as distinguished from the insula- 
tion, is applied over one or more conductors which have 
previously been insulated, and its function, almost exclu- 
sively physical rather than electrical, is to protect the in- 
sulated conductors from the external environment. For 
this reason the characteristics required of a sheathing 
material have truiitionally been abrasion resistance, high 
strength, and toughness. Non-metallic protective sheaths 
have commonly been reinforced with fabric and have cm- 
ployed materials such as Neoprene which has poor elec- 
trical properties but outstanding toughness and strength. 

It is an object of our invention to provide a rugged elec- 
tric cable having low cost and low weight. 

It is a further object of our invention to provide a cable, 
cornparable in cost and ruggedness to cable having a 
braided or other tough fibrous sheath, but free from bitu- 
minous coating material. 

It is a further object of our invention to provide a cable 
that is readily bendable, particularly in the plane of the 
conductors. 

Otiier objects will become apparent from a study of the 
details of our invention hereinafter described. 

Returning to consideration of materials suitable for 
electrical insulation, it is known that air has very high 
insulation resistance and low SIC at voltage stresses insuf- 
ficient to cause icoiiiation. For this reason expanded cel- 
lular plastics have found employment as insulation, par- 
ticularly for low-voltage, high-frequency cables such as 
TV lead-in cables where a low SIC is the most important 
desideratum. Where such cables have required mechan- 
ical protection they have been surrounded by protective 
sheaths of the usual tough, dense compositions mentioned 
above. 

Meibods of appying cellular plastic insulation are 
known. These methods involve including in the plastic 
material a solid blowing agent which will decompose at 
some predetermined temperature to generate bubbles of 
gas within the plastic mass. If the decomposition tem- 
perature is reached while the plastic is confined under 
high pressure the released gas will remain compressed 
until the pressure is lowered, at which time, if the plastic 
is still hot and soft enough, expansion of the gas will take 
place to form a cellular structure of bubbles within the 
plastic. ICnown blowing agents for the release of gas in 



expandable plastic material include p,p'-oxybis (benzene- 
sulfonyl hydrazide), N,N'-dimethyl-N,N'-dinitrosotereph- 
thalamide, and azocarbonamide. 

Among the types of electric cable recognized by the Na- 
5 tional Electrical Code are type NM and type NMC used 
for wiring buildings for service at 110 volts in locations 
where local codes do not require that the wiring be con- 
fined in conduits. The cable may be secured by staples 
and, during its installation, fished through walls. In this 
10 process of installation, the cable will scrape against the 
rough edges of lumber and against other harsh surfaces 
that demand a rugged cable covering. The most widely 
used present construction of type NM cable employs par- 
allel conductors, polyvinyl chloride insuladon, a paper 
Ij tape wrap over the insulated conductors, fibrous braid 
over the tape wrap, asphalt saturant, and an over-all light- 
colored paint finish. In an alternative construction a solid 
polyvinyl chloride jacket is substituted for all the cable 
elements external to the polyvinyl chloride insulation, 
^0 with a fiberglass serving over the insulated conductors to 
provide slippage. However the cost of polyvinyl chloride 
is relatively high so that the braid and asphalt construe- 
tion still dominates the market for type NM cable. 

For many years it has been standard practice to subject 
25 types NM and NMC cable to a joist test. In this test 
eight Tjoards of lumber, each of 2-inch nominal thickness, 
are spaced 16 inches apart in a frame. Holes ya-inch iii 
diameter are drilled in each of the boards with the holes 
in alternate boards offset a distance of 2 inches. One 
end of a length of the cable to be tested is threaded 
through the holes and then the enture length is pulled 
through by means of tension of the leading end. Since 
the holes are alternately off center the cable is dragged 
in a zigzag path and subjected to severe scraping at the 
edge of each of the eight holes. A fibrous braided or 
solid polyvinyl chloride sheath has heretofore been 
deemed necessary to adequately protect the cable under 
such conditions. However, when the braided, asphalt- 
saturated construction of type NM cable is pulled through 
the joist testing equipment described above there is a 
tendency for the paint and/or asphalt coating to scrape 
ofE at the sharp edges of the holes, with some consequent 
impairment of its protective qualities. 

Known cables for NM service have required an inter- 
mediate layer between the insulation and the sheath to 
provide adequate slippage. In the case of saturated braid 
cables this layer has usually been paper, and in the case 
of solid plastic sheathed cables it has consisted of a glass 
fiber serving or a film of Mylar polyester manufactured 
by E. I. du Pont de Nemours & Co., Inc. The use of oily 
or powdery lubricants has not been adequate to provide 
permanent slippage between the insulation and the sheath 
of conventional cables. 

We have made the surprising discovery that expanded 
cellular organic material, similar to the material known 
to the prior cable art only for high frequency insulation, 
can be advantageously used to form the protective sheath 
of electric cables. 
60 cables made in accordance with our invention were 

unexpectedly found to be bendable without distortion 
and after being deliberately bent at a selected angle to 
maintain their bent shape indefinitely. It was possible 
not only to make acceptable bends in the cables across the 
plane of the conductors but to make flat (or edgewise) 
bends within the plane of the conductors. It will be 
readily recognized that such bendability has a particular 
merit in cables intended for permanent installation within 
the walls and around the joists and comers of frame build- 
70 - unexpected bendability of cables made to the 

teachings of this invention may be due in part to the rela- 
tively low fricUonal resistance between the dense semi- 
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rieid polyvinyl chloride insulation and the expanded 
cellJln? £kct! and indeed it has been di^-e^ed ^hat^^^^^ 
insulated conductors do, in fact. J^^^^ J^^^l^^^f 
when the cables of this invention are subjected to bending. 
The compressibility of the gas POckets in Jf!;f ' "^^^l 
a probably contriboUng source of the bendab. ity o. th^e 
cables pcrmitiins said jackets to contract on the concave 
surface of the bends. A cable construction made to the 
teachings of our invention wiU compr.se a plurality or 
" =^ . . 1 .„:.h rionco enlift insula- 



As indicated above, the expanded cellular polyvinyl 
chloride (or other tough resinous plastic sheath material) 
has a density less than 75% of that of the same material 
in its dense non-cellular form, for at higher densities the 
economic advantages of the invention are largely lost. 
On the other hand, the density of the expanded cellular 
plastic sheath should not be less than about 50% of that 
of the same plastic material. in dense non-cellular form,, 
for then it becomes too foamy and fragile and loses the 



to accommodate the grounding wire. 

Cables were made according to the present invention 
embodying the following specific constructions: 
Example I 

Conductors (2) — 14 AWG hard-drawn copper 



teachings of our «vent,on^ w U compr.^ a P"^^-;'^ ^ toughness, compression resistance and other physical 

metallic conductors each f.^^XoSl the sheath properties which enable it to provide the original mecham- 

tion. and an outer protective ^''f cal protection to the insulated conductors. Generally the 

chamclerisiically being Jeasity of the cellular expanded sheath material should be 

St'ia'drciarfoT^^^^^^^ fr- «^ » ''"^ 

the insulation and J«PPf Ji "^^^j^StV Sut'^dk^ " An uninsulated grounding wire 4 may be laid between 

the result that the cable can be readUy bent ^'"^^^ ^^e two conductors as shown in FIG. 2 in which case the 

miC sei^c^ haS%r^ter "conrucltrf in^ula^^^ with space between the conductors will preferably be mcreased 
extruded solid polyvinyl chloride, laid parallel, sheathed 
tuh a protective sheath of expanded cellular polyvinyl 20 
ch oride^nd readily bendable in the plane of the cond^- 
tors without warping. Preferably, the density of the «. 
pandcG cellular plastic sheath material is m the range 

from 50% to 75% of »hat the same plastic material L-Tsuirti^"^"/ inch wall semirigid polyv'iiyl chloride 

dense non-cellular form. We »iavc ab?X^'aM ^ ^ dusted with ground silica » 

f ^'rand'^el^uSr' CabHng-2 conductors parallel at 0.135 inch spacing 

' Two'^efei^ef e^Sm^"ts of our invention ai« iltas- protective sheath-expanded cellular polyvinyl chloride 

in ih.. arcomnanvine drawing, wherein: Outside dimensions — .241 x .437 incn 

1 k a sSaS perspective view of a 2-con- 30 Gas content of protective sheath-29% 

ductor cable made to the teachings of this invention. Example U 

^'"1:,' " rcroun^S^^^^^ Conductors (2)-14 AWG soft-drawn copper conductor 

tor cable with ground return made to me w , Conductor (grounding)— 16 AWG soft drawn copper 
'""^Se conductors! shown in the drawings are sohd wires 35 lasulation-^^ inch wall semirigid polyvinyl chloride 

ine '^o"""""!*.* , . , h of the conductors 1 may dusted with ground silica » 

of copper or aluminum but each of ue ^^^^ Cabling-2 conductor parallel at 0.155 inch spacing. 

,f desir^ be composed of the conduc- uninsulated grounding conductor centered between the 

wires stranded or twisted tosetner insulated conductors 

'"■^r ' WvTf"extrude5 ^St'id polyvinyl chloride, but 40 Protective sheath-expanded cellular polyvinyl chloride 

ittVyX^^t^^^ orly other material suit- Outside dimension-.228 x .446 inch 
able for electrical insulation, and may be appUcd by 
wrapping, by dipping or by other processes known to the 
cab'e insulating arts, instead of by extrusion. 

We p^fer to lubricate the insulation 2 with a coating 5 45 
of a dry pulverulent dust such as ground silica, talc or mica 



Gas content of protective sheath — 27% 

1 Neo Noracite supplied by Malvern Minerals Co. 



Juivt;tuic;ui uiijc oMw.- — o- ' 

nowder This may be accomplished by merely passing 
ti?e .-n/u!ated conductor through a box of the lubricating 



The joist pull test of the character described above 
was made after subjecting the cables of Examples I and 
II to a —20° C. temperature for 18 hours. There were 
no noticeable effects on the cables after the joist pulling. 
Particular reference has been made herein to poly- 



powder. J . io;h narallel and are 50 vinyl chloride insulation and expanded ceUular sheath 

As shown the conductors are laid Pa""e' ^" {. understood that other resinous vinyl compositioni 



covered with a protective sheath 3 of expanded cellular 
organic material which also fills the space between the 
insulations 2. This expanded cellular sheath may be 
applied to the insulated conductor by extruding t there- 

appucu lu I ,:„„,:„„ „f ,>Yn»nrled cellular in- 



It is understood that other resinous vinyl compositions 
are equally satisfactory, such as compositions employing 
polyvinyl acetate; and, in fact, the term "polyvinyl 
chloride" as used herein includes all the usual insulat- 



applied to the insulated ^""^."""^^''^ „. 55 ing and other composiUons based on polyvinyl chloride 

ever similariy.to the_appIicaUon of expanded cell^ g , ^^^^ ^j^, , acetate which are em- 



"^Z^Z^^^^P^^ high frequency cab.e^ 
For example, the two conductors 1 with their respective 
fayers of insulation 2 may be guided through an «m««on 
apparatus by which the polyvinyl chloride sheath imposi- 
tion containing a blo-^ng agent « extruded thereatout. 
As the insulated conductors surrounded by the hot sheath 
composition emerge from the extruder, the *eath M)m- 
position is expanded by the blowing agent into its final 
cellular form 



».uv* z - m. - - 

and its copolymers with vinyl acetate which are em- 
ployed for insulation and sheathing purposes in the elec- 
tric cable industry. 
We claim: 

60 1. A sheathed electric power cable comprismg a plu- 
rality of coplanar parallel metallic conductors, a solid 
layer of semirigid polyvinyl chloride insulation over each 
of said conductors, an outer continuous protective sheath 
completely surrounding said insulated conductors, said 



llular form „olwinvl chloride into 65 sheath consisting of polyvinyl chloride in expanded eel 

By virtue of the expansion o. the i^olj^^^^^^^ ^^.^ ^^^^^^ ^, ^j^^j^^^ ^^^^ insula 



cellular form, a sheath of desired thickness over the msu- 
laled conductors and filling the space between them can 
bs formed with a much less weight of polyvinyl chloride 
than if it were solid. Hence, the cost of the sheath is 
reduced to a value commensurate with asphalt-saturated 70 
nbrous braid construction. Yet the expanded cellular 
sheath provides substantially as effective mechanical pro- 
tection for the cable as a solid polyvinyl chloride sheath, 
and even better protection than the braided asphalt-im- 
pregnated sheath. 



lular form, said sheath being distinct from said insula- 
tion and slidable thereon whereby said cable can be 
readily bent in the plane of said conductors without 
warping. 

2. A sheathed electric power cable comprising a plu- 
rality of coplanar parallel metallic conductors, a solid 
layer of semirigid polyvinyl chloride insulation over each 
of at least two of said conductors, an outer continuous 
protective sheath completely surrounding said conductors 
75 and said insulation, said sheath consisting of polyvinyl 
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chloride in expanded cellular form, said sheath being 
distinct from said insulation and slidable thereon whereby 
said cable can be readily bent in the plane of said con- 
ductors without warping. 

3. A sheathed electric power cable comprising a plu- 5 
rahty of coplanar parallel metallic conductors, a solid 
layer of dense electrical insulation over each of at least 
two of said conductors, an outer continuous protective 
sheath completely surrounding said conductors and said 
insulaaon, said sheath consisUng of polyvinyl chloride 10 
in expanded cellular form having a density in the range 
irom 50% to 75% of that of the same polyvinyl chloride 

m dense non-cellular form, said sheath being distinct 
from said insulation and slidable thereon whereby said 
cable can be readily bent in the plane of said conductors 15 
without warping. 

4. A sheathed electric power cable comprising a plu- 
rality of coplanar parallel metallic conductors, a solid 
layer of semirigid polyvinyl chloride insulation over at 
least two of said conductors, a dry pulverulent lubricant 20 
coating said insulation, an outer continuous protective 
sheath completely surrounding said conductors and said 
insulation, said sheath consisting of polyvinyl chloride 

m expanded cellular form, said sheath being distinct 
from said insulation and slidable thereon whereby said 25 



109 
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cable can be readily bent in the plane of said conductors 
without warping. 

5. A sheathed electric power cable comprising a plu- 
rahty of coplanar parallel meiaUic conductors, a solid 
layer of dense electrical insulation over each of said con- 
ductors, an outer continuous protective sheath completely 
surrounding said conductors and said insulation said 
sheath consisting of polyvinyl chloride in expanded cel- 
lular form having a density in the range from 50% to 
75% of that of the same polyvinyl chloride in dense 
non^cllular form, said sheath being distinct from said 
insulauon and slidable thereon, whereby said cable can 
be readily bent in the plane of said conductors without 
warping. 
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